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SEMICONDUCTOR DEVICE HAVING
ELECTROSTATIC DESTRUCTION
PROTECTION CIRCUIT USING THYRISTOR
AS PROTECTION ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2004-

0896109, filed Mar. 25, 2004, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a semiconductor device having an
clectrostatic destruction protection circuit which prevents
flow of excessively large current caused by a surge or the like
and more particularly to a semiconductor device having an
clectrostatic destruction protection circuit which uses a thy-
ristor (SCR) as a protection element.

2. Description of the Related Art

In a semiconductor device such as an IC and LLSI, an elec-
trostatic destruction (ESD) protection circuit 1s provided to
protect an internal circuit from excessively large current
caused by a surge or the like.

Various configurations of the electrostatic destruction pro-
tection circuit are proposed and circuits which protect the
internal circuits by use of diodes and MOS transistors are
widely used. However, as the imtegration density of the semi-
conductor device 1s more enhanced and the operation voltage
1s Turther lowered, it becomes 1impossible to sutliciently pro-
tect the internal circuit only by use of the diodes or MOS
transistors. For example, 1 Jpn. Pat. Appln. KOKAI Publi-
cation No. 2003-318265 and International Patent Publication
No. WO01/011685, an electrostatic destruction protection
circuit which uses a thyristor as a protection element 1s pro-
posed. The thyristor can perform the high-speed switching
operation, permits large current to flow therein and 1s ditficult
to be broken. Therefore, the electrostatic destruction protec-
tion circuit using the thyristor has an excellent characteristic
of high performance and high protection capability.

The electrostatic destruction protection circuit 1s config-
ured by a thyristor, a plurality of diodes and a resistor. The
anode of the thyristor 1s connected to a terminal (power sup-
ply terminal) to which power supply voltage 1s applied and
the cathode thereof 1s connected to a terminal (ground termi-
nal) to which ground potential 1s applied. The cathodes of the
plurality of diodes are respectively connected to the anodes of
the next-stage diodes and the plurality of diodes are con-
nected between the power supply terminal and the gate of the
thyristor. The diodes function as a trigger circuit of the thy-
ristor. A resistor which sets the trigger voltage of the thyristor
in cooperation with the plurality of diodes 1s connected
between the gate of the thyristor and the ground terminal.

With the above configuration, 1f voltage between the power
supply terminal and the ground terminal varies due to a surge
or the like to a greater extent, current flows from the power
supply terminal to the ground terminal via a plurality of
diodes and resistor. Therefore, voltage occurs at the gate of
the thyristor and trigger current 1s supplied to the gate of the
thyristor based on the above voltage (trigger voltage). As a
result, the thyristor 1s fired or triggered and short-circuits a
path between the power supply terminal and the ground ter-
minal to leakage the surge and protect the internal circuit. The
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trigger voltage 1s determined by the sum of the forward volt-
ages V.. of the plurality of diodes and the resistance of the
resistor.

By further enhancing the integration density of the recent
semiconductor device and lowering the operation voltage
thereof, MOS transistors configuring the internal circuit are
turther miniaturized and the gate oxide film 1s made thinner
and 1s liable to be destroyed. In order to safely protect the thus
miniaturized MOS transistor, 1t 1s necessary to lower the
trigger voltage which turns on the thyristor at the time of
application of a surge voltage and set the trigger voltage lower
than the breakdown voltage of the gate oxide film.

I1 the gate oxide film of the MOS transistor 1s thick, voltage
applied between the power supply terminal and the ground
terminal exceeds the maximum value of the power supply
voltage and the thyristor 1s turned on 1n a range of voltage
lower than the breakdown voltage of the gate oxide film.
Theretfore, the mternal circuit can be effectively protected
from the excessively large current caused by a surge. How-
ever, 1f the gate oxide film 1s thin, the breakdown voltage of
the gate oxide film 1s lowered and a difference between the
maximum value of the power supply voltage and the break-
down voltage of the gate oxide film becomes smaller. As a
result, there occurs a possibility that voltage which turns on
the thyristor may exceed the breakdown voltage of the gate
oxide film. That 1s, the gate oxide film of the MOS transistor
configuring the internal circuit will be destroyed belore the
protection operation by the electrostatic destruction protec-
tion circuit 1s performed.

In order to realize the low trigger voltage 1n the electrostatic
destruction protection circuit using the thyristor as described
above, 1t 1s necessary to reduce the number of stages of the
diodes which function as the trigger circuit. However, i1 the
number of stages of the diodes 1s reduced, the leakage current
flowing from the power supply terminal to the ground termi-
nal through the diodes and resistor 1n the normal operation
mode becomes large and the current consumption increases.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the invention there 1s provided a
semiconductor device comprising a thyristor having an anode
connected to a first terminal and a cathode connected to a
second terminal, a trigger circuit configured to fire the thyris-
tor when surge voltage 1s applied to the first terminal, and a
surge detection/leakage reduction circuit provided between a
gate ol the thyristor and the second terminal and configured to
interrupt current tflowing from the trigger circuit to the second
terminal 1n a normal operation mode and set trigger voltage
which 1s used to fire the thyristor in cooperation with the
trigger circuit at surge voltage application time.

According to another aspect of the invention there is pro-
vided a semiconductor device comprising a thyristor having
an anode connected to a first terminal and a cathode con-
nected to a second terminal, a trigger circuit configured to fire
the thyristor when surge voltage 1s applied to the first termi-
nal, and a variable resistor circuit provided between a gate of
the thyristor and the second terminal and configured to have
high resistance at normal operation time and low resistance at
surge voltage application time.

According to still another aspect of the invention there 1s
provided a semiconductor device comprising a thyristor hav-
ing an anode connected to a first terminal and a cathode
connected to a second terminal, at least one diode provided
between the first terminal and a gate of the thyristor, and a
MOS transistor having a current path connected at one end to
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the gate of the thyristor and connected at the other end to the
second terminal and a gate connected to the gate of the thy-
ristor.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a circuit diagram showing the schematic configu-
ration of an electrostatic destruction protection circuit, for
illustrating a semiconductor device according to an embodi-
ment of this invention;

FI1G. 2 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
first embodiment of this invention;

FIG. 3 1s a characteristic diagram showing the relation
between drain-source current and drain-source voltage of a
MOS transistor at the normal operation time and surge volt-
age application time of the electrostatic destruction protec-
tion circuit shown 1n FIG. 2;

FIG. 4 1s a voltage-current characteristic diagram of a
thyristor 1n the electrostatic destruction protection circuit
shown 1n FIG. 2;

FI1G. 5 1s a circuit diagram showing another example of the
arrangement of the electrostatic destruction protection circuit
shown 1n FIG. 2;

FIG. 6 1s a circuit diagram showing another example of the
configuration of a trigger circuit in the electrostatic destruc-
tion protection circuit shown in FIGS. 2 and 5;

FIG. 7 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
second embodiment of this invention;

FIG. 8 1s a circuit diagram showing another example of the
configuration of a trigger circuit in the electrostatic destruc-
tion protection circuit shown in FIG. 7;

FIG. 9 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for illustrating a semiconductor device according to a
third embodiment of this invention;

FIG. 10 1s a circuit diagram showing another example of
the arrangement of the electrostatic destruction protection
circuit shown in FIG. 9;

FIG. 11 1s a circuit diagram showing another example of
the configuration of a trigger circuit 1n the electrostatic
destruction protection circuit shown in FIGS. 9 and 10;

FI1G. 12 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
fourth embodiment of this invention:

FI1G. 13 1s a circuit diagram showing another example of
the arrangement of the electrostatic destruction protection
circuit shown in FIG. 12;
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FI1G. 14 1s a circuit diagram showing another example of

the configuration of a trigger circuit in the electrostatic
destruction protection circuit shown in FIGS. 12 and 13;

FI1G. 15 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
fifth embodiment of this invention:

FIG. 16 1s a circuit diagram showing another example of
the arrangement of the electrostatic destruction protection
circuit shown 1n FIG. 15;

FI1G. 17 1s a circuit diagram showing another example of
the configuration of a trigger circuit 1n the electrostatic
destruction protection circuit shown in FIGS. 15 and 16;
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FIG. 18 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
sixth embodiment of this invention;

FIG. 19 1s a circuit diagram showing another example of
the arrangement of the electrostatic destruction protection
circuit shown in FIG. 18:

FIG. 20 1s a circuit diagram showing another example of
the configuration of a trigger circuit 1n the electrostatic
destruction protection circuit shown 1n FIGS. 18 and 19;

FIG. 21 1s a circuit diagram showing a first modification of
the electrostatic destruction protection circuit in the semicon-
ductor device according to the first and third to sixth embodi-
ments; and

FIG. 22 1s a circuit diagram showing another example of
the configuration of the electrostatic destruction protection
circuit shown 1n FIG. 21.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a circuit diagram showing the schematic configu-
ration of an electrostatic destruction protection circuit, for
illustrating a semiconductor device according to an embodi-
ment of this mvention. The circuit includes a thyristor 21,
trigger circuit 22, surge detection/leakage reduction circuit 23
and the like. The anode of the thyristor 21 (the emitter of a
PNP bipolar transistor 21a configuring the thyristor 21) 1s
connected to a first terminal 24 and the cathode thereotf (the
emitter of an NPN bipolar transistor 216 configuring the
thyristor 21) 1s connected to a second terminal 25. The trigger
circuit 22 1s provided between the anode of the thyristor 21
and the gate thereotf (a connection node of the collector of the
PNP bipolar transistor 21a and the base of the NPN bipolar
transistor 215). The trigger circuit 22 detects surge (ESD
surge) voltage applied to the first terminal 24 and supplies
trigger current which 1s used to fire the thyristor 21. Further,
the surge detection/leakage reduction circuit 23 1s connected
between the gate of the thyristor 21 and the second terminal
25. The surge detection/leakage reduction circuit 23 detects
SUrge Voltage and sets trigger voltage which triggers the thy-
ristor 21 1n coopera‘[lon with the trigger cu*cur[ 22 when the
surge voltage 1s applied. Further, 1t cuts off or reduces the
leakage current flowing from the trigger circuit 22 to the
second terminal 24 at the normal operation time. In other
words, the circuit 23 1s so configured that the resistance
thereof will be set high at the normal operation time and low
at the protection operation time.

With the above configuration, even when the trigger circuit
22 1s configured by use of the diodes and the number of stages
of the diodes 1s reduced to realize a low trigger voltage, the
leakage current flowing from the trigger circuit 22 to the
second terminal 25 can be cut oif or reduced at the normal
operation time by use of the surge detection/leakage reduc-
tion circuit 23.

Specifically, for example, 1n an LSI in which the design
rule 1s 0.13 um, the power supply voltage 1s 1.5V and the film
thickness of the gate oxide film of the MOS transistor con-
figuring the internal circuit 1s 3 nm, the number of stages of
diodes can be reduced from three-stages of diodes which are
required in the trigger circuit to two-stages of diodes.

In the conventional electrostatic destruction protection cir-
cuit, assume that the trigger voltage of approximately 3.5V 1s
obtained in the above condition and the resistance of a resistor
provided between the gate of the thyristor and the terminal 235
1s 1 k€2. Then, when the trigger circuit 1s configured by use of
two-stage diodes, a leakage current (at the high temperature
time) of approximately 107> A will flow. On the other hand, in
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the circuit of FIG. 1, the circuit formed 1n the same condition
permits only a leakage current (at the high temperature time)
of approximately 10”7 A to flow.

Therelore, 1t 1s possible to reduce the leakage current at the
normal operation time and suppress the consumption current
without losing the feature that the high performance and high
protection capability can be provided in the electrostatic
destruction protection circuit using the thyristor.

Next, the concrete example of the configuration and the
operation to realize the above protection operation are
explained more 1n detail by use of the first to sixth embodi-
ments and first to fourth modifications.

First Embodiment

FIG. 2 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for illustrating a semiconductor device according to a
first embodiment of this invention. In the circuit of FIG. 2, a
trigger circuit 22 1s configured by use of n diodes 26-1 to 26-n
and a surge detection/leakage reduction circuit 23 1s config-
ured by use of an N-channel MOS transistor 27. Further, a
case wherein the electrostatic destruction protection circuit 1s
arranged between power supply terminals, power supply volt-
age V , 1s applied to a first power supply terminal 24 and
power supply voltage (ground potential) V.. 1s applied to a
second terminal 235 1s shown as an example.

That 1s, the anode of the thyristor 21 1s connected to the
power supply terminal 24 and the cathode thereof 1s con-
nected to the power supply terminal 25. The cathodes of the
diodes 26-1 to 26-n acting as the trigger circuit are respec-
tively connected to the anodes of the next-stage diodes. The
anode of the diode 26-1 1s connected to the terminal 24 and
the cathode of the diode 26-n 1s connected to the gate of the
thyristor 21. Further, the drain and gate of the MOS transistor
277 are connected to the gate of the thyristor 21 and the source
and back-gate thereol are connected to the power supply
terminal 25. The MOS transistor 27 functions as a variable
resistor (or variable resistor circuit) whose resistance 1s
changed at the normal operation time and ESD application
time 1nstead of a resistor (fixed resistor) connected between
the gate of the thyristor and the ground terminal 1n the con-
ventional electrostatic destruction protection circuit.

With the above configuration, as shown 1n FIG. 3, since the
source-drain voltage Vds of the MOS transistor 27 1s low at
the normal operation time, the MOS transistor 27 1s turned oif
and almost no drain-source current Ids flows. Therefore, the
leakage current at the normal operation time can be reduced.
In contrast, a trigger current tlows from the power supply
terminal 24 to the gate of the thyristor 21 via the diodes 26-1
to 26-n at the surge voltage application time. At this time, the
gate potential of the MOS transistor 27 rises (the drain-source
voltage Vds also rises) to turn on the MOS transistor 27 and a
large drain-source current Ids tlows. The trigger voltage of the
thyristor 21 1s set by the sum of the forward voltages V - of the
diodes 26-1 to 26-n and the on resistance of the MOS tran-
sistor 27. If the thyristor 21 1s fired, a short circuit 1s formed
between the power supply terminals 24 and 25 and the surge
voltage applied to the power supply terminal 24 1s supplied to
the power supply terminal (ground potential node) 235 to
protect the internal circuit.

FIG. 4 1s a voltage-current characteristic diagram of the
thyristor 1n the electrostatic destruction protection circuit
shown 1n FIG. 2. If the MOS transistor 27 1s used instead of
the resistor 1n the conventional electrostatic destruction pro-
tection circuit, the impedance of a trigger current path at the
surge voltage application time 1s lowered. As a result, a hold
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current Ih of the thyristor 21 increases. Since the thyristor 21
used as a protection element 1s inhibited from being operated
at the normal operation time, the relation of Th>IL U (latch-up
speciiying current) 1s normally set up.

With the circuit configuration shown 1n FIG. 2, the current
amount of the trigger current can be adjusted by adjusting the
on resistance of the MOS transistor 27. As a result, the elec-
trostatic destruction protection circuit can be tuned so as to
protect an IC and LSI in which the electrostatic destruction
protection circuit 1s used 1n an optimum fashion. For example,
if the trigger current 1s increased, both of the hold current Ih
and current Itl with which the thyristor 21 1s turned on
increase as shown by the solid line from the characteristic
shown by the broken lines in FIG. 4. Thus, when the power
supply voltage or signal instantly varies due to the erroneous
operation of the thyristor 21 at the normal operation time, that
1s, noise or the like, the margin for the erroneous operation
such as latch-up can be made large.

Therefore, with the above configuration, even 11 the num-
ber of stages of the diodes 26-1 to 26-n acting as the trigger
circuit 1s reduced to lower the trigger voltage, the MOS tran-
sistor 27 1s set turned oif at the normal operation time to
interrupt the path of the leakage current. Further, at this time,
the margin for prevention of the erroneous operation in the
normal operation mode can be attained by setting up the
relation of Th>ILU (latch-up specifying current). Of course,
the MOS transistor 27 1s turned on at the surge voltage appli-
cation time so as to function 1n the same manner as the resistor
(fixed resistor) 1n the conventional electrostatic destruction
protection circuit. Therefore, the protection capability 1s not
reduced.

In the first embodiment, a case wherein the first, second
power supply terminals 24, 25 are used as the power supply
terminals 1s explained as an example. However, as shown in
FIG. §, the same protection operation can be attained by
providing the protection circuit between an I/0O terminal 28
and the power supply terminal 25.

Further, in FIGS. 2 and 5, a case wherein the trigger circuit
22 1s configured by the diodes 26-1 to 26-n 1s explained as an
example. However, as shown 1n FIG. 6, the same operation
and effect can be attained by configuring the trigger circuit by
use of a plurality of N-channel transistors 35-1 to 35-n (diode
chain) each having a drain and gate commonly connected
(diode-connected).

Of course, P-channel MOS transistors which are diode-
connected can be used instead of the N-channel MOS tran-
sistors 35-1 to 35-n.

Further, the trigger circuit 22 can be configured by one
diode or one MOS ftransistor depending on the condition of
the power supply voltage of the IC and LSI and the film
thickness of the gate oxide film, for example.

Second Embodiment

FIG. 7 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for illustrating a semiconductor device according to a
second embodiment of this invention. In the electrostatic
destruction protection circuit shown in FIG. 7, the thyristor in
the circuit of FIG. 2 1s connected between an I/O terminal 28
and a power supply terminal 25 and the surge detection/
leakage reduction circuit 23 1s configured by a P-channel
MOS ftransistor 29. That 1s, the anode of the thyristor 21 1s
connected to the I/O terminal 28 and the cathode thereof 1s
connected to the power supply terminal 25. The cathodes of
diodes 26-1 to 26-n acting as the trigger circuit are respec-
tively connected to the anodes of the next-stage diodes. The
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anode of the diode 26-1 1s connected to the I/O terminal 28
and the cathode of the diode 26-n 1s connected to the gate of
the thyristor 21. Further, the source of the MOS transistor 29
1s connected to the gate of the thyristor 21, the drain thereof 1s
connected to the power supply terminal 25 and the gate and
back-gate thereol are connected to a power supply terminal
24.

With the above configuration, power supply voltage V ., 15
applied to the gate of the MOS transistor 29 in the normal
operation mode to turn the MOS transistor 29 oif. In contrast,
il a surge voltage 1s applied to the IO terminal 28, trigger
current tlows from the I/O terminal 28 to the gate of the
thyristor 21 via the diodes 26-1 to 26-n. When the gate poten-
tial of the thyristor 21 1s set higher than the power supply
voltage V ,, by the threshold voltage of the MOS transistor
29, the MOS transistor 29 1s turned on. The trigger voltage of
the thyristor 21 1s set by the sum of the forward voltages V . of
the diodes 26-1 to 26-n and the on resistance of the MOS
transistor 29. If the trigger current 1s supplied to the thyristor
21 to fire the same, the surge voltage applied to the I/O
terminal 28 1s supplied to the power supply terminal (ground
potential) 25 to protect the internal circuit.

Thus, with the above configuration, even 11 the number of
stages of the diodes 26-1 to 26-n acting as the trigger circuit
1s reduced to lower the trigger voltage, the MOS transistor 29
1s turned off state at the normal operation time to interrupt the
path of the leakage current. Of course, the MOS transistor 29
1s turned on at the surge voltage application time so as to
function 1n the same manner as the resistor (fixed resistor) 1in
the conventional electrostatic destruction protection circuit.
Theretore, the protection capability 1s not reduced.

Further, 1n FIG. 7, a case wherein the trigger circuit 22 1s
configured by the diodes 26-1 to 26-n 1s explained as an
example. However, as shown 1n FIG. 8, the same operation
and effect can be attained by configuring the trigger circuit by
use of a plurality of N-channel transistors 35-1 to 35-n each
having a drain and gate commonly connected (diode-con-
nected).

Of course, P-channel MOS transistors which are diode-
connected can be used instead of the N-channel MOS tran-
sistors 35-1 to 35-n.

Further, the trigger circuit 22 can be configured by one
diode or one MOS transistor depending on the condition of
the power supply voltage of the IC and LSI and the film
thickness of the gate oxide film, for example.

Third Embodiment

FI1G. 9 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
third embodiment of this invention. In the circuit of FIG. 9, a
surge detection/leakage reduction circuit 23 1s configured by
an N-channel MOS transistor 27, capacitor 30 and resistor 31.
That 1s, the anode of a thyristor 21 1s connected to a power
supply terminal 24 and the cathode thereot 1s connected to a
power supply terminal 25. The cathodes of diodes 26-1 to
26-n acting as a trigger circuit are respectively connected to
the anodes of the next-stage diodes. The anode of the diode
26-1 1s connected to the power supply terminal 24 and the
cathode of the diode 26-n 1s connected to the gate of the
thyristor 21. Further, the drain of the MOS transistor 27 1s
connected to the gate of the thyristor 21 and the source and
back-gate thereof are connected to the power supply terminal
25. One of the electrodes of the capacitor 30 1s connected to
the power supply terminal 24 and the other electrode thereof
1s connected to the gate of the MOS transistor 27. One end of
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the resistor 31 1s connected to the gate of the MOS transistor
2’7 and the other end thereof 1s connected to the power supply
terminal 25.

With the above configuration, the MOS transistor 27 1s
turned off 1n the normal operation mode so as to permit almost
no leakage current to flow. In contrast, 1f a surge voltage 1s
applied, trigger current flows from the power supply terminal
24 to the gate of the thyristor 21 via the diodes 26-1 to 26-n.
Then, the gate potential of the MOS transistor 27 1s raised by
displacement current caused by the capacitor 30 and the MOS
transistor 27 1s turned on. As a result, the thyristor 21 1s fired
and the surge voltage applied to the power supply terminal 24
1s supplied to the power supply terminal (ground potential) 25
to protect the internal circuit.

Thus, with the above configuration, even 1f the number of
stages of the diodes 26-1 to 26-n acting as the trigger circuit
1s reduced to lower the trigger voltage, the MOS transistor 27
1s set turned oif at the normal operation time to interrupt the
path of a leakage current. Further, the MOS transistor 27 1s
turned on at the surge voltage application time so as to func-
tion in the same manner as the resistor (fixed resistor) 1n the
conventional electrostatic destruction protection circuit.
Theretore, the protection capability 1s not reduced.

In the third embodiment, a case wherein the electrostatic
destruction protection circuit 1s arranged between the power
supply terminals 24 and 25 1s explained as an example. How-
ever, as shown 1n FIG. 10, the same protection operation can
be performed even when the electrostatic destruction protec-
tion circuit 1s arranged between an I/0 terminal 28 and the
power supply terminal 25.

In this case, however, a time constant circuit configured by
the capacitor 30 and resistor 31 1s connected to the I/0O termi-
nal 28 and the data input/output operation in the normal
operation mode 1s delayed. The significant eflect of interrupt-
ing the leakage current can be attained, and therefore, it 1s
preferable to adequately and selectively use the circuit of the
third embodiment and the circuit of the first and second
embodiments according to the required protection character-
1stic.

Further, in FIGS. 9 and 10, a case wherein the trigger
circuit 22 1s configured by the diodes 26-1 to 26-n1s explained
as an example. However, as shown in FIG. 11, the same
operation and effect can be attained by configuring the trigger
circuit by use of a plurality of N-channel transistors 35-1 to
35-n each having a drain and gate commonly connected (di-
ode-connected).

Of course, P-channel MOS transistors which are diode-
connected can be used instead of the N-channel MOS tran-
sistors 35-1 to 35-n.

Further, the trigger circuit 22 can be configured by one
diode or one MOS ftransistor depending on the condition of
the power supply voltage of the IC and LSI and the film
thickness of the gate oxide film, for example.

Fourth Embodiment

FIG. 12 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
fourth embodiment of this invention. In the circuit shown 1n
FIG. 12, a surge detection/leakage reduction circuit 23 1is
configured by a P-channel MOS ftransistor 29, capacitor 30
and resistor 31. That 1s, the anode of a thyristor 21 1s con-
nected to a power supply terminal 24 and the cathode thereof
1s connected to a power supply terminal 25. The cathodes of
diodes 26-1 to 26-n acting as a trigger circuit are respectively
connected to the anodes of the next-stage diodes. The anode
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of the diode 26-1 1s connected to the power supply terminal 24
and the cathode of the diode 26-n 1s connected to the gate of
the thyristor 21. Further, the source of the MOS transistor 29
1s connected to the gate of the thyristor 21 and the drain
thereol1s connected to the power supply terminal 25. One end
of the resistor 31 1s connected to the power supply terminal 24
and the other end thereot 1s connected to the gate of the MOS
transistor 29. One of the electrodes of the capacitor 30 1s
connected to the gate of the MOS transistor 29 and the other
clectrode thereot 1s connected to the power supply terminal
25.

With the above configuration, the MOS transistor 29 1s
turned off 1n the normal operation mode so as to permit almost
no leakage current to tlow. In contrast, 1 a surge voltage 1s
applied, trigger current flows from the power supply terminal
24 to the gate of the thyristor 21 via the diodes 26-1 to 26-n.
Then, the source potential of the MOS transistor 29 1s raised
and set higher than the gate potential thereof and the MOS
transistor 29 1s turned on. As a result, the thyristor 21 1s fired
and the surge voltage applied to the power supply terminal 24
1s supplied to the power supply terminal (ground potential) 235
to protect the internal circuait.

Thus, with the above configuration, even 1f the number of
stages of the diodes 26-1 to 26-n acting as the trigger circuit
1s reduced to lower the trigger voltage, the MOS transistor 29
1s turned off at the normal operation time to interrupt the path
of leakage current. Further, the MOS transistor 29 1s turned on
at the surge voltage application time so as to function in the
same manner as the resistor 1n the conventional electrostatic
destruction protection circuit. Therefore, the protection capa-
bility 1s not reduced.

In the fourth embodiment, a case wherein the electrostatic
destruction protection circuit 1s arranged between the power
supply terminals 24 and 25 1s explained as an example. How-
ever, as shown 1n FIG. 13, the same protection operation can
be performed even when the electrostatic destruction protec-
tion circuit 1s arranged between an 1/0 terminal 28 and the
power supply terminal 25. At this time, like the case of the
third embodiment, a time constant circuit configured by the
capacitor 30 and resistor 31 1s connected to the I/0 terminal
28 and the data input/output operation in the normal operation
mode 1s delayed. Theretore, i1t 1s preferable to adequately and
selectively use the circuits according to the required protec-
tion characteristic.

Further, in FIGS. 12 and 13, a case wherein the trigger
circuit 22 1s configured by the diodes 26-1 to 26-n 1s explained
as an example. However, as shown in FIG. 14, the same
operation and effect can be attained by configuring the trigger
circuit by use of a plurality of N-channel transistors 35-1 to
35-n each having a drain and gate commonly connected (di-
ode-connected).

Of course, P-channel MOS transistors which are diode-
connected can be used instead of the N-channel MOS tran-
sistors 35-1 to 35-n.

Further, the trigger circuit 22 can be configured by one
diode or one MOS transistor depending on the condition of
the power supply voltage of the IC and LSI and the film
thickness of the gate oxide film, for example.

Fitth Embodiment

FI1G. 15 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
fifth embodiment of this ivention. In the circuit shown 1n
FIG. 15, a surge detection/leakage reduction circuit 23 is
configured by a PNP bipolar transistor 32, capacitor 30 and
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resistor 31. That 1s, the anode of a thyristor 21 1s connected to
a power supply terminal 24 and the cathode thereof 1s con-
nected to a power supply terminal 25. The cathodes of diodes
26-1 to 26-n acting as a trigger circuit are respectively con-
nected to the anodes of the next-stage diodes. The anode of
the diode 26-1 1s connected to the power supply terminal 24
and the cathode of the diode 26-n 1s connected to the gate of
the thyristor 21. Further, the emitter of the bipolar transistor
32 1s connected to the gate of the thyristor 21 and the collector
thereof 1s connected to the power supply terminal 235. One end
of the resistor 31 1s connected to the power supply terminal 24
and the other end thereof 1s connected to the base of the
bipolar transistor 32. One of the electrodes of the capacitor 30
1s connected to the base of the bipolar transistor 32 and the
other electrode thereof 1s connected to the power supply
terminal 25.

With the above configuration, the bipolar transistor 32 1s
turned off 1n the normal operation mode so as to permit almost
no leakage current to flow. In contrast, 1 a surge voltage 1s
applied, trigger current flows from the power supply terminal
24 to the gate of the thyristor 21 via the diodes 26-1 to 26-n.
Then, when the emitter potential of the bipolar transistor 32 1s
set higher than the base potential thereof by V 5. or more, the
bipolar transistor 32 1s turned on. As a result, the thyristor 21
1s fired and the surge voltage applied to the power supply
terminal 24 1s supplied to the power supply terminal (ground
potential) 25 to protect the internal circuit.

Thus, with the above configuration, even 1f the number of
stages of the diodes 26-1 to 26-n acting as the trigger circuit
1s reduced to lower the trigger voltage, the bipolar transistor
32 is turned oil 1n the normal operation mode to interrupt the
path of leakage current. Further, the bipolar transistor 32 1s
turned on at the surge voltage application time so as to func-
tion 1n the same manner as the resistor 1n the conventional
clectrostatic destruction protection circuit. Therefore, the
protection capability 1s not reduced.

In the fifth embodiment, a case wherein the electrostatic
destruction protection circuit 1s arranged between the power
supply terminals 24 and 25 1s explained as an example. How-
ever, as shown 1n FIG. 16, the same protection operation can
be performed even when the electrostatic destruction protec-
tion circuit 1s arranged between an 1/0 terminal 28 and the
power supply terminal 25. At this time, like the case of the
third and fourth embodiments, a time constant circuit config-
ured by the capacitor 30 and resistor 31 1s connected to the I/O
terminal and the data input/output operation 1n the normal
operation mode 1s delayed. Therelfore, 1t 1s preferable to
adequately and selectively use the circuits according to the
required protection characteristic.

Further, in FIGS. 15 and 16, a case wherein the trigger
circuit 22 1s configured by the diodes 26-1 to 26-n1s explained
as an example. However, as shown i FIG. 17, the same
operation and eflect can be attained by configuring the trigger
circuit by use of a plurality of N-channel transistors 35-1 to
35-n each having a drain and gate commonly connected (di-
ode-connected).

Of course, P-channel MOS transistors which are diode-
connected can be used instead of the N-channel MOS tran-
sistors 35-1 to 35-n.

Further, the trigger circuit 22 can be configured by one
diode or one MOS ftransistor depending on the condition of
the power supply voltage of the IC and LSI and the film
thickness of the gate oxide film, for example.

Sixth Embodiment

FIG. 18 1s a circuit diagram showing a concrete example of
the configuration of an electrostatic destruction protection
circuit, for 1llustrating a semiconductor device according to a
sixth embodiment of this invention. In the circuit shown 1n
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FIG. 18, a surge detection/leakage reduction circuit 23 1is
configured by an NPN bipolar transistor 33, capacitor 30 and
resistor 31. That 1s, the anode of a thyristor 21 1s connected to
a power supply terminal 24 and the cathode thereof 1s con-
nected to a power supply terminal 25. The cathodes of diodes
26-1 to 26-n acting as a trigger circuit are respectively con-
nected to the anodes of the next-stage diodes. The anode of
the diode 26-1 1s connected to the power supply terminal 24
and the cathode of the diode 26-n 1s connected to the gate of
the thyristor 21. Further, the collector of the bipolar transistor
33 15 connected to the gate of the thyristor 21 and the emitter
thereot 1s connected to the power supply terminal 25. One of
the electrodes of the capacitor 30 1s connected to the power
supply terminal 24 and the other electrode thereof i1s con-
nected to the base of the bipolar transistor 33. One end of the
resistor 31 1s connected to the base of the bipolar transistor 33

and the other end thereof 1s connected to the power supply
terminal 235.

With the above configuration, the bipolar transistor 33 1s
turned off 1n the normal operation mode so as to permit almost
no leakage current to tlow. In contrast, 1 a surge voltage 1s
applied, a trigger current tlows from the power supply termi-
nal 24 to the gate of the thyristor 21 via the diodes 26-1 to
26-n. Then, a base current 1s supplied to the bipolar transistor
33 by displacement current caused by the capacitor 30 so asto
turn the bipolar transistor 33 on. As a result, the thyristor 21 1s
fired and the surge voltage applied to the power supply ter-
minal 24 1s supplied to the power supply terminal (ground
potential) 25 to protect the internal circuit.

Thus, with the above configuration, even 1f the number of
stages of the diodes 26-1 to 26-n acting as the trigger circuit
1s reduced to lower the trigger voltage, the bipolar transistor
33 1s turned off in the normal operation mode to interrupt the
path of the leakage current. Further, the bipolar transistor 33
1s turned on at the surge voltage application time so as to
function in the same manner as the resistor 1n the conventional
clectrostatic destruction protection circuit. Therefore, the
protection capability 1s not reduced.

In the sixth embodiment, a case wherein the electrostatic
destruction protection circuit 1s arranged between the power
supply terminals 24 and 25 1s explained as an example. How-
ever, as shown 1n FIG. 19, the same protection operation can
be performed even when the electrostatic destruction protec-
tion circuit 1s arranged between an 1/0 terminal 28 and the
power supply terminal 25. At this time, like the case of the
third to fifth embodiments, a time constant circuit configured
by the capacitor 30 and resistor 31 1s connected to the 1/O
terminal 28 and the data input/output operation 1n the normal
operation mode 1s delayed. Therefore, 1t 1s preferable to
adequately and selectively use the circuits according to the
required protection characteristic.

Further, in FIGS. 18 and 19, a case wherein the trigger
circuit 22 1s configured by the diodes 26-1 to 26-n 1s explained
as an example. However, as shown in FIG. 20, the same
operation and effect can be attained by configuring the trigger
circuit by use of a plurality of N-channel transistors 35-1 to
35-n each having a drain and gate commonly connected (di-
ode-connected).

Of course, P-channel MOS transistors which are diode-

connected can be used instead of the N-channel MOS tran-
sistors 35-1 to 35-n.

Further, the trigger circuit 22 can be configured by one
diode or one MOS ftransistor depending on the condition of
the power supply voltage of the IC and LSI and the film
thickness of the gate oxide film, for example.
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First Modification

In the first and third to sixth embodiments, a case wherein
the anode of the thyristor 21 1s connected to the power supply
terminal 24 1s explained as an example. However, as shown in
FI1G. 21, adiode 34 can be connected between the anode ofthe
thyristor 21 and the power supply terminal 24. By using the
diode 34, the snap-back characteristic of the thyristor 21 can
be shifted (adjusted) according to a power supply system
used.

For example, as 1n the second embodiment or the modifi-
cation of the first and third to sixth embodiments, a diode 34
can be connected between the anode of the thyristor 21 and
the I/O terminal 28 1n the case of a configuration in which the
anode of the thyristor 21 1s connected to the I/O terminal 28.

Further, as shown 1n FIG. 21, one diode 31 1s used, but a
plurality of stages of diodes can be provided according to the
shift amount of the snap-back characteristic.

As shown 1n FIG. 22, the same effect and operation can be
attained by providing an N-channel MOS transistor 36 whose
drain and gate are commonly connected (diode-connected).
Of course, a diode-connected P-channel MOS transistor can
be used instead of the N-channel MOS transistor 36.

Further, a plurality of transistors having the same configu-
ration as the above N-channel MOS ftransistor or P-channel
MOS transistor may be provided according to the shiit
amount of the snap-back characteristic.

Second Modification

In the first to sixth embodiments, the anode of the diode
26-1 1n the trigger circuit 1s connected to the power supply
terminal 24 (the anode of the thyristor 21). However, 1t can be
connected to another terminal or circuit if trigger current can
be caused and supplied to the gate of the thyristor 21 when a
surge voltage 1s applied.

Third Modification

In the first to sixth embodiments, a case wherein the trigger
circuit 1s configured by the diodes 26-1 to 26-n or diode-
connected MOS transistors 35-1 to 35-n 1s explained. How-
ever, another trigger circuit with a different configuration can
be used 11 1t 1s a circuit which generates a trigger voltage only
when a surge voltage 1s applied or a circuit which can supply
a sulliciently large current required to turn on the thyristor 21
when a surge voltage 1s applied.

Fourth Modification

In the third to sixth embodiments, a case wherein a circuit
portion which detects a surge 1n the surge detection/leakage
reduction circuit 23 1s configured by the capacitor 30 and
resistor 31 1s explained. However, a circuit with another con-
figuration can be used 11 a switch element (MOS transistors
277, 29 or bipolar transistors 32, 33) can be turned on when a
surge 1s input and turned ol at the normal operation time. As
the surge detection/leakage reduction circuit 23, a variable
resistor or a variable resistor circuit whose resistance 1s set
suificiently high at the normal operation time and set low
when a surge voltage 1s applied can be used.

As described above, according to one aspect of this mnven-
tion, a semiconductor device having the electrostatic destruc-
tion protection circuit capable of reducing the leakage current
at the normal operation time can be attained.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretfore, the invention 1n its
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broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general iventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor device comprising:

a thyristor having an anode connected to a first terminal and
a cathode connected to a second terminal, the thyristor
including a first bipolar transistor of a first polarity hav-
ing an emitter connected to the first terminal, and a
second bipolar transistor of a second polarity having a
collector connected to a base of the first bipolar transis-
tor, a base connected to the collector of the first bipolar
transistor, and an emitter connected to the second termi-
nal,

a trigger circuit configured to fire the thyristor when surge
voltage 1s applied to the first terminal, the trigger circuit
including a plurality of diodes 1n which cathodes and
anodes are sequentially connected 1n series between the
first terminal and the base of the second bipolar transis-
tor, and

a surge detection/leakage reduction circuit provided
between the base of the second bipolar transistor which
acts as a gate of the thyristor and the second terminal,
and configured to interrupt current flowing from the
trigger circuit to the second terminal 1n normal operation
mode and set trigger voltage which 1s used to fire the
thyristor 1n cooperation with the trigger circuit at surge
voltage application time, wherein the surge detection/
leakage reduction circuit includes a MOS transistor of a
first conductivity type having a current path connected at
one end to a node, which 1s directly connected to both to
one end of the plurality of diodes sequentially connected
in series and the base of the second bipolar transistor,
and connected at the other end to the second terminal, as
well as a gate connected to the base of the second bipolar
transistor.

2. The semiconductor device according to claim 1, wherein
the first terminal 1s a first power supply terminal to which a
power supply voltage 1s applied, the second terminal i1s a
second power supply terminal to which a ground potential 1s
applied, and the MOS transistor of the fist conductivity typeis
an N-channel MOS transistor.

3. The semiconductor device according to claim 1, wherein
the first terminal 1s an I/O terminal, the second terminal 1s a
power supply terminal to which a ground potential 1s applied,
and the MOS transistor of the first conductivity type 1s an
N-channel MOS transistor.

4. A semiconductor device comprising:

a thyristor having an anode connected to a first terminal and

a cathode connected to a second terminal, the thyristor
including a first bipolar transistor of a first polarity hav-
ing an emitter connected to the first terminal, and a
second bipolar transistor of a second polarity having a
collector connected to a base of the first bipolar transis-
tor, a base connected to the collector of the first bipolar
transistor, and an emitter connected to the second termi-
nal,

a trigger circuit configured to fire the thyristor when surge
voltage 1s applied to the first terminal, the trigger circuit
including a plurality of diodes 1n which cathodes and
anodes are sequentially connected 1n series between the
first terminal and the base of the second bipolar transis-
tor, and
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a surge detection/leakage reduction circuit provided
between the base of the second bipolar transistor which
acts as a gate of the thyristor and the second terminal,
and configured to interrupt current flowing from the
trigger circuit to the second terminal 1n normal operation
mode and set trigger voltage which 1s used to fire the
thyristor 1n cooperation with the trigger circuit at surge
voltage application time, wherein the surge detection/
leakage reduction circuit includes a MOS transistor of a
second conductivity type having a current path con-
nected at one end to a node, which 1s directly connected
to both one end of the plurality of diodes sequentially
connected 1n series and the base of the second bipolar
transistor, and connected at the other end to the second
terminal and a gate connected to a third terminal.

5. The semiconductor device according to claim 4, wherein
the first terminal 1s an I/O terminal, the third terminal 1s a first
power supply terminal to which a power supply voltage 1s
applied, the second terminal 1s a second power supply termi-
nal to which a ground potential 1s applied, and the MOS
transistor of the second conductivity type 1s a P-channel MOS
transistor.

6. A semiconductor device comprising:

a thyristor having an anode connected to a first terminal and
a cathode connected to a second terminal, the thyristor
including a first bipolar transistor of a first polarity hav-
ing an emitter connected to the first terminal, and a
second bipolar transistor of a second polarity having a
collector connected to a base of the first bipolar transis-
tor, a base connected to the collector of the first bipolar
transistor, and an emitter connected to the second termi-
nal,

a trigger circuit configured to fire the thyristor when surge
voltage 1s applied to the first terminal, the trigger circuit
being connected between the first terminal and the base
of the second bipolar transistor, the trigger circuit
including a plurality of diodes 1n which cathodes and
anodes are sequentially connected 1n series between the
first terminal and the base of the second bipolar transis-
tor, and

a surge detection/leakage reduction circuit provided
between the base of the second bipolar transistor which
acts as a gate of the thyristor and the second terminal and
configured to interrupt current flowing from the trigger
circuit to the second terminal 1n normal operation mode
and set trigger voltage which 1s used to fire the thyristor
in cooperation with the trigger circuit at surge voltage
application time, wherein the surge detection/leakage
reduction circuit includes a third bipolar transistor of a
first polarity having an emitter connected to a node,
which 1s directly connected to both one end of the plu-
rality of diodes sequentially connected 1n series and the
base of the second bipolar transistor, and a collector
connected to the second terminal, a resistor connected
between a base of the third bipolar transistor and the first
terminal, and a capacitor connected between the base of
the third bipolar transistor and the second terminal.

7. A semiconductor device comprising:

a thyristor having an anode connected to a first terminal and
a cathode connected to a second terminal, the thyristor
including a first bipolar transistor of a first polarity hav-
ing an emitter connected to the first terminal, and a
second bipolar transistor of a second polarity having a
collector connected to a base of the first bipolar transis-
tor a base connected to the collector of the first bipolar
transistor, and an emitter connected to the second termi-
nal,
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a trigger circuit configured to fire the thyristor when surge

voltage 1s applied to the first terminal, the trigger circuit
including a plurality of diodes 1n which cathodes and
anodes are sequentially connected 1n series between the
first terminal and the base of the second bipolar transis-
tor, and

surge detection/leakage reduction circuit provided
between the base of the second bipolar transistor which
acts as a gate of the thyristor and the second terminal and
configured to interrupt current tlowing from the trigger
circuit to the second terminal 1n normal operation mode
and set trigger voltage which 1s used to fire the thyristor
in cooperation with the trigger circuit at surge voltage
application time, wherein the surge detection/leakage
reduction circuit includes a third bipolar transistor of a
second polarity having a collector connected to a node,
which 1s directly connected to both one end of the plu-
rality of diodes sequentially connected 1n series and the
base of the second bipolar transistor, and an emuitter
connected to the second terminal, a capacitor connected
between a base of the third bipolar transistor and the first
terminal, and a resistor connected between the base of
the third bipolar transistor and the second terminal.

8. A semiconductor device comprising;

a thyristor having an anode connected to a first terminal and

a cathode connected to a second terminal, the thyristor
including a first bipolar transistor of a first polarity hav-
ing an emitter connected to the first terminal, and a
second bipolar transistor of a second polarity having a
collector connected to a base of the first bipolar transis-

10

15

20

25

30

16

tor, a base connected to the collector of the first bipolar
transistor, and an emitter connected to the second termi-
nal,

a trigger circuit configured to fire the thyristor when surge
voltage 1s applied to the first terminal, the trigger circuit
being connected between the first terminal and the base
of the second bipolar transistor, the trigger circuit
including a plurality of diodes 1n which cathodes and
anodes are sequentially connected 1n series between the
first terminal and the base of the second bipolar transis-
tor, and

a surge detection/leakage reduction circuit provided
between the base of the second bipolar transistor which
acts as a gate of the thyristor and the second terminal and
configured to interrupt current flowing from the trigger
circuit to the second terminal 1n normal operation mode
and set trigger voltage which 1s used to fire the thyristor
in cooperation with the trigger circuit at surge voltage
application time, wherein the surge detection/leakage
reduction circuit includes a switch element connected
between a node, which 1s directly connected to both one
end of the trigger circuit and the base of the second
bipolar transistor, and the second terminals and a time
constant circuit which turns on or off the switch element
based on voltage between the first and second terminals.

9. The semiconductor device according to claim 8, wherein

the switch element 1s a transistor, the time constant circuit has
a capacitor and resistor serially connected between the first
and second terminals, and the transistor 1s turned on or off
according to potential of a connection node of the capacitor
and resistor.
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